and hemoglobin. Results: A total of 22,338 (46.3%) patients received the first hemodialysis treatment in an inpatient setting. Inpatient hemodialysis transition was associated with older age, presence of a tunneled catheter, higher comorbidity burden, and lack of pre-dialysis nephrology care. A total of 8,674 patients died (mortality rate 405/1,000 patientyears, 95% CI 397-413) during the first 6 months after transition to hemodialysis. The starting of inpatient vs. outpatient hemodialysis was associated with significantly higher crude all-cause mortality, but this association was attenuated after multivariable adjustments. Conclusions: Transition to hemodialysis in an inpatient setting is more common in older and sicker individuals, and in patients without pre-dialysis nephrology care and those who used a catheter for vascular access. Future studies are needed to determine if a higher proportion of patients could start hemodialysis treatment in outpatient clinics, through interventions targeting modifiable risk factors such as timely vascular access placement or earlier nephrology referrals.
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Introduction
Each year, more than 100,000 patients transition to chronic maintenance hemodialysis in the US [1] . Starting renal replacement therapy is an important and often lifechanging event for patients, which also greatly impacts their survival [2] . The decision about the best way to start renal replacement therapy is a complex one involving considerations of patient characteristics and preferences, physician practice characteristics, and a dynamic interaction between physicians and patients [3] . An optimal transition to renal replacement therapy usually requires that patients are referred to a nephrologist, a modality choice is made after proper patient education, a dialysis access is placed in a timely manner, and close follow-up is provided to manage the consequences of progressively deteriorating kidney function, culminating in a decision to initiate the preferred renal replacement therapy. Due to the natural uncertainty of when any individual with advanced chronic kidney disease (CKD) might reach the point where dialysis needs to be initiated, there is still considerable uncertainty about the best timing and the optimal circumstances of initiating hemodialysis.
During the last few decades, there has been a changing trend in the timing of the initiation of hemodialysis in advanced CKD. There has been considerable debate over whether or not hemodialysis should be initiated early (based solely on the level of estimated glomerular filtration rate [eGFR]) [4, 5] or late (based on the level of kidney function or other indications such as uremic symptoms or electrolyte abnormalities) [6, 7] . A recent randomized clinical trial indicated that early hemodialysis start portends no survival advantage, and that waiting for an actual medical indication did not carry a significantly increased risk for late starters [8] . Notwithstanding the safety of late hemodialysis start in a clinical trial setting, waiting for medical indications before transitioning to hemodialysis carries the risk of acute medical complications, which may require urgent interventions, often in a hospital setting, and may make planned hemodialysis initiation more difficult. Unplanned, urgent hemodialysis initiation is associated with worse outcomes compared to planned, elective hemodialysis initiation [9] , but the reasons behind urgent and emergent hemodialysis initiation remain less well studied on a population level, in part because large administrative databases typically do not provide sufficiently detailed information about medical indications for hemodialysis initiation.
One aspect of urgent or emergent hemodialysis transition is that it occurs in an inpatient hospital setting, but hospitalizations for hemodialysis transition may also be required in cases when a hemodialysis vascular access is not available, or occasionally even for administrative reasons. Notwithstanding the uncertainty of why an individual patient may transition to hemodialysis in an inpatient hospital setting, hospitalizations carry the risk of iatrogenic complications (e.g., nosocomial infections), and may contribute to the extremely high short-term mortality experienced by hemodialysis patients during the first 3-6 months after their transition [1] . Furthermore, inpatient transition to hemodialysis may also impose significantly increased costs [10] , thus providing an added impetus to favor elective, outpatient hemodialysis transition in most patients.
Despite these considerations, there is a paucity of data about the reasons behind inpatient hemodialysis transition in the US, and whether or not the setting of hemodialysis transition (inpatient vs. outpatient) has an independent effect on subsequent patient outcomes. In order to inform about these, we examined the association of different patient characteristics with the setting of hemodialysis transition, and the association between the setting of transition and subsequent short-term mortality in a large cohort of US veterans.
Materials and Methods

Cohort Definition
We examined data obtained from the Transition of Care in CKD study, a retrospective cohort study of 52,172 US veterans with incident end-stage renal disease (ESRD) who transitioned to renal replacement therapy from October 1, 2007, through September 30, 2011, as identified from the United States Renal Data System (USRDS) Patient and Medical Evidence Form 2728 [11] [12] [13] . We excluded patients who initiated renal replacement therapy with peritoneal dialysis ( n = 2,401), pre-emptive transplants ( n = 585), or an unknown modality ( n = 737), or who died the same day renal replacement therapy was started ( n = 188), resulting in a final cohort of 48,261 patients ( Fig. 1 ) .
Data Collection
We identified inpatient hemodialysis transition by matching the hemodialysis first service date with individual hospitalization dates obtained from VA Inpatient Medical SAS Datasets and from Centers for Medicare and Medicaid Services (CMS) data files. The same data sources were also used to extract information about the number and duration of all inpatient hospitalizations during the prelude period (i.e., prior to hemodialysis start). Data from the USRDS Patient and Medical Evidence form were used to determine baseline demographic characteristics, vascular access type at the time of dialysis initiation and information about the last eGFR and hemoglobin concentrations prior to hemodialysis start. Data on prevalent comorbidities was obtained from the VA Inpatient and Outpatient Medical SAS Datasets and from CMS data files, using ICD-9-CM diagnostic and procedure codes and CPT codes recorded during the hemodialysis prelude period, as previously described [14] . Cardiovascular disease was defined as the presence of diagnostic codes for coronary artery disease, angina, myocardial infarction, or cerebrovascular disease. The Charlson Comorbidity Index (CCI) score was calculated using the Deyo modification for administrative data sets, without including kidney disease [15] . Medication use during the prelude period was extracted from VA Pharmacy dispensation records and from CMS (Medicare Part D) files [16] .
Statistical Analysis
Data are presented as number (percent), means ± SD or median (interquartile range [IQR]), as appropriate. Differences between patients categorized according to inpatient vs. outpatient hemodialysis transition were assessed by t test, the Mann-Whitney U test or chi-square test, as appropriate. The association of various patient characteristics with inpatient vs. outpatient hemodialysis transition was examined in multivariable logistic regression models.
The primary outcome was all-cause mortality during the first 6 months after hemodialysis initiation. Information about allcause mortality was obtained from the VA Vital Status Files [17] . We examined the association of inpatient vs. outpatient hemodialysis transition with all-cause mortality during the first 6 months following transition using the Kaplan-Meier method and the log-rank test, and we calculated hazards ratios (HRs) and 95% CI in unadjusted and multivariable adjusted Cox models. Multivariable models were adjusted based on theoretical considerations for age, gender, race, individual comorbid conditions (history of diabetes mellitus, myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, dementia, chronic lung disease, liver disease, and malignancies), the CCI as an omnibus measure of illness, receipt of nephrology subspecialty care during the prelude period, use of medications during the prelude period (angiotensin converting enzyme inhibitors of angiotensin receptor blockers, statins, erythropoietin), and active (calcitriol, paricalcitol, or doxercalciferol) and nutritional (ergocalciferol or cholecalciferol) vitamin D, the last eGFR and hemoglobin level prior to hemodialysis start, and the number and average length of hospitalizations during the prelude period.
Of the variables included in multivariable models, data points were missing for race (0.1%), access type (1.4%), comorbid conditions (9.2%), pre-dialysis nephrology care (13.3%), eGFR (3.7%), and blood hemoglobin concentration (11.2%). A total of 33,316 patients (69%) had complete data for multivariable analysis. We did not impute missing data in our primary multivariable models, and used multiple imputations to replace missing variables in sensitivity analyses. In additional sensitivity analyses, we also examined mortality in Cox models over a 1-year post-transition time period and after the initial 6-month and 1-year in patients who survived these respective time periods. Analyses were conducted using STATA MP Version 14 (STATA Corporation, College Station, TX, USA). The study was approved by the Institutional Review Boards of the Memphis and Long Beach VA Medical Centers, with exemption from informed consent.
Results
Of the 48,261 patients starting hemodialysis, 22,338 (46%) transitioned in an inpatient setting. The median (IQR) length of hospitalization for patients initiating hemodialysis as inpatients was 10 (7-17) days. In these patients, hemodialysis was started a median (IQR) of 3 (2-7) days after hospital admission, and patients were discharged from the hospital a median (IQR) of 6 (3-10) days after the first hemodialysis treatment; 2,432 patients (11%) were discharged the day after the first hemodialysis treatment. Patients' baseline characteristics at the time of dialysis initiation overall and by hemodialysis start setting (inpatient vs. outpatient) are presented in Table 1 . Overall, patients were 70.6 ± 11.9 years old, 95% were men, 25% were African-American, and 58% had diabetes. Compared to patients who started hemodialysis as outpatients, those transitioning in an inpatient setting were older, less likely to be female and black, had a higher prevalence of comorbid conditions, were less likely to have received pre-transition nephrology care, were more likely to use a tunneled dialysis catheter (vs. an arteriovenous fistula, AVF), and had a higher number and longer average duration of hospitalizations in the prelude period.
In a multivariable logistic regression analysis older age, tunneled hemodialysis catheter use, congestive heart failure, a higher number and longer pre-dialysis hospi- talizations, and not having received nephrology care in the pre-dialysis period were associated with higher odds of inpatient (vs. outpatient) dialysis initiation. Conversely, higher eGFR and blood hemoglobin concentration, and use of erythropoietin and active vitamin D during the prelude period were associated with lower odds of inpatient (vs. outpatient) hemodialysis initiation ( Table 2 ) . A total of 8,674 patients died (mortality rate 405/1,000 patient-years, 95% CI 397-413) during the first 6 months after transition to hemodialysis, and 32,323 patients died overall during a median follow-up time of 2.1 years (mortality rate: 290/1,000 patient-years, 95% CI 287-293). Figure 2 shows cumulative mortality curves for all-cause mortality during the first 6 months in patients divided by inpatient vs. outpatient hemodialysis initiation status, indicating higher unadjusted risk of all-cause mortality in patients who started hemodialysis as inpatients. Table 3 shows unadjusted and multivariable adjusted HRs and 95% CI of all-cause mortality associated with inpatient vs. outpatient hemodialysis start in the first 6 months and 1 year after transition for hemodialysis, and following the initial 6-month and 1-year periods in individuals who survived these respective periods. Inpatient hemodialysis start was associated with higher unadjusted 6-month mortality risk (crude HR and 95% CI 1.90 (1.82-1.99), p < 0.001), which was substantially attenuated after multivariable adjustment (multivariable adjusted HR and 95% CI 1.07 (1.01-1.13), p = 0.02). Similar tendencies were observed for 1-year mortality, while in patients who survived the initial 6-month and 1-year time periods, the multivariable adjusted mortality risk was not different in Values are, n (%) or mean ± SD. ACEi, angiotensin converting enzyme inhibitors and angiotensin receptor blockers; AVF, arteriovenous fistula; AVG, arteriovenous graft; EPO, erythropoetin; ESRD, end-stage renal disease; CCI, Charlson comorbidity index. ACEi, angiotensin converting enzyme inhibitors and angiotensin receptor blockers; AVF, arteriovenous fistula; AVG, arteriovenous graft; EPO, erythropoetin; ESRD, end stage renal disease; MI, myocardial infarction; CHF, congestive heart failure; PVD, peripheral vascular disease; CVD, cerebrovascular disease; CCI, Charlson comorbidity index. patients who transitioned to hemodialysis as inpatients vs. outpatients ( Table 3 ) . Results remained unchanged in models using multiply imputed missing covariates (results not shown).
Discussion
In this large national retrospective cohort study of US veterans transitioning to hemodialysis in the hospital setting vs. in an outpatient setting, we found that patients who transitioned as inpatients were older, had a higher prevalence of congestive heart failure and dementia, and experienced higher numbers and longer hospitalizations during the hemodialysis prelude period. These associations suggest that inpatient transition to hemodialysis was in part driven by medical indications (e.g., patients with congestive heart failure developing fluid overload, or older patients experiencing more severe consequences of uremia requiring hemodialysis initiation in a higher acuity setting), and that a history of frequent and/or long hospitalizations is associated with a higher likelihood of needing to be in the hospital for the transition to hemodialysis. We also described an association of inpatient hemodialysis transition with less nephrology subspecialty care received prior to transition, and with the use of a catheter as vascular access. The latter associations underscore the importance of proper nephrology subspecialty care during the prelude (pre-transition period). Such care could result in a higher proportion of patients undergoing placement of an AVF, and could also result in various other benefits (e.g., better metabolic and volume control, or better patient education). Our description of associations between pre-transition hemoglobin and eGFR levels and of the use of certain medications and lower risk of inpatient hemodialysis transition might reflect effects of such better care received during hemodialysis prelude.
The proportion of patients transitioning to hemodialysis in an inpatient vs. an outpatient setting in our study (46.3%) was lower than the 74.7% reported in a study of 1,691 US veterans whose medical charts were reviewed to identify the mechanisms of the decision-making underlying dialysis initiation [3] . By reviewing individual cases this study emphasized that decisions related to the timing of dialysis initiation is complex, and includes both patient-related and practitioner-related factors. Our observations showing associations of patient demographics, comorbidities, and pre-transition nephrology care with the setting of hemodialysis transition, support these conclusions. Our study also confirms and extends to a wider population the findings of a smaller prospective cohort of 652 incident hemodialysis patients, which reported that 63% of patients started hemodialysis in an inpatient setting, with the majority of hospitalizations being driven by medical indications such as uremia and volume overload [18] .
The variables associated with inpatient hemodialysis transition suggest that this may potentially be avoidable in some patients by assuring proper pre-dialysis care, for example, by referring patients to a nephrologist and by timely creation of an AVF. Our data indicates that patients spend a relatively long time in the hospital during the hemodialysis transition period (median 10 days), presumably due to delays in placing a vascular access, or the need for treatment for conditions such as congestive heart failure. Better implementation of pre-transition nephrology care could conceivably reduce both the proportion of patients needing inpatient transition, and also the duration of the hospitalization in those admitted for hemodialysis transition, thus resulting in lower costs and potentially fewer hospitalization-related medical complications.
It is less clear if lowering the proportion of patients needing inpatient hemodialysis transition could result in better post-transition outcomes, such as lower mortality rates. In our study the unadjusted risk of early mortality associated with inpatient vs. outpatient hemodialysis transition was significantly higher, but the difference was almost completely abrogated by adjustment for various confounding characteristics. This suggests that the observed association between inpatient transition and mortality was in large part due to underlying patient characteristics and/or lack of proper pre-transition care, and not caused by the hospitalization per se. Receiving more intensive pre-dialysis nephrology care has been associated with more favorable outcomes [19] , as has initiation of hemodialysis using an AVF (compared to an arteriovenous graft, and especially to a central venous catheter) as initial vascular access [20] [21] [22] . In addition to these welldescribed benefits of proper pre-transition nephrology care, our findings suggest that they may extend to lowering the proportion of patients needing inpatient hemodialysis transition. Our study is notable for its large size and the inclusion of veterans from the entire US. To the best of our knowledge, this is the first study to provide a comprehensive characterization of inpatient vs. outpatient hemodialysis transition in a large national cohort of incident hemodialysis patients in the USA. Our study also has several limitations which need to be considered. This being an observational study, we can only report associations, but not cause-effect relationships. We cannot rule out the effects of residual confounding on the observed associations, such as the indication for dialysis initiation or for the hospital admission. Our outcome of interest was all-cause mortality, which does not allow us to examine the reasons why patients died. Our study population consisted of mostly male US veterans, so the result should be applied with caution to females, to non-veterans, or to patients outside the USA.
Conclusions
A high proportion of incident ESRD patients transition to hemodialysis in an inpatient setting. The reasons behind this may be complex, and likely include both patient-related factors (such as comorbidities), and also potentially modifiable factors, such as lack of pre-transition nephrology care and vascular access creation. Transitioning to hemodialysis in an inpatient setting is also associated with higher mortality, which is in large part explained by a higher comorbidity burden and less ideal preparation for hemodialysis. Transitioning more patients to hemodialysis in an outpatient setting (e.g., by providing more timely pre-transition nephrology care or creation of AVF) could provide cost savings and may also result in better outcomes after transition. The latter hypothesis will need to be tested in prospective clinical trials.
